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SERUM  LIPID  LEVELS  IN  SELECTED  AIR  FORCE 
OFFICERS  DURING  THE  FIRST  FOUR  YEARS  AFTER 
GRADUATION  FROM  THE  USAF  ACADEMY 


INTRODUCTION 

A  study  of  the  men  who  entered  the  United  States  Military  Academy  (USMA) 
at  West  Point  in  1952  found  that  mean  levels  of  the  serum  cholesterol  and  low 
density  lipoproteins  rose  markedly  during  the  first  six  years  after  entry  into 
the  USMA  (4).  Elevated  levels  of  these  quantities  are  important  indicators  of 
risk  of  cardiovascular  disease  (8,  9,  12).  The  increase  in  the  levels  there¬ 
fore  raised  the  question  of  whether  attendance  at  the  USMA  somehow  resulted  in 
increased  risk  of  cardiovascular  disease  in  later  years.  Since  the  lifestyle 
at  other  military  academies  has  much  in  common  with  the  lifestyle  at  the  USMA, 
the  question  of  increased  risk  of  cardiovascular  disease  broadened  into  a 
question  of  whether  attendance  at  other  military  academies  was  associated  with 
an  increased  risk  of  such  disease  in  subsequent  years.  For  the  U.S.  Air 
Force,  it  became  pertinent  to  determine  whether  men  who  attended  the  USAF 
Academy  showed  any  changes  in  risk  factors  that  would  imply  an  increased  risk 
of  cardiovascular  disease  later  in  their  careers  as  fliers. 


PURPOSE  AND  PLAN 

The  purpose  of  this  study  was  to  obtain  information  from  which  to  assess 
the  impact  of  attendance  at  the  USAF  Academy  upon  factors  recognized  to  indi¬ 
cate  risk  of  cardiovascular  disease.  In  the  West  Point  study,  the  peak  levels 
of  serum  cholesterol  and  low  density  lipoproteins  occurred  2  years  after  grad¬ 
uation  from  the  USMA.  The  study  of  USAF  Academy  cadets  was  conducted  during 
the  years  the  cadets  attended  the  Academy  and  continued  3  1/2  years  after 
graduation  in  order  to  cover  the  time  frame  during  which  peak  lipid  values 
occurred  in  the  parent  USMA  study.  This  plan  allowed  the  collection  of  addi¬ 
tional  data  that  would  indicate  whether  after  graduation  there  were  signifi¬ 
cant  trends  in  cardiovascular  disease  risk  factors,  as  well  as  in  boc(y  weight. 
An  earlier  report  (2)  summarized  the  findings  of  the  study  during  the  years 
the  subjects  were  at  the  USAF  Academy  (1972-1976).  The  purpose  of  this 
report,  therefore,  is  to  summarize  the  results  obtained  during  the  last  years 
of  the  study  (1976-1979). 


MAJOR  FINDINGS 

During  the  years  at  the  USAF  Academy,  neither  the  lipid  cardiovascular 
risk  factors  nor  the  proportion  of  body  fat  was  found  to  increase  (2).  During 
the  first  weeks  and  at  the  end  of  the  first  year  at  the  Academy,  there  were 
transient  elevations  in  serum  cholesterol  and  uric  acid  levels  (5),  but  these 
were  apparently  related  to  short-term  stress. 
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During  the  3  years  after  graduation  there  were  numerically  small  (but 
statistically  significant,  P  <  .05)  Increases  In  serum  cholesterol,  weight, 
and  percent  body  fat.  Nevertheless,  the  average  cholesterol  levels  remained 
below  those  for  U.S.  males  of  comparable  age  (11).  Dietary  intakes  of 
protein,  fat,  and  carbohydrate  appeared  typical  for  normal  active  young  men; 
the  average  total  caloric  Intake  was  approximately  2300  cal /day. 

The  conclusions  for  the  period  after  1976  are  qualified  by  the  fact  that 
only  65%  of  the  original  group  responded  to  the  requests  for  serum  and  data. 
Nevertheless,  there  is  no  evidence  that  the  subjects  who  responded  were  at 
increased  cardiovascular  risk  vis-a-vis  their  average  U.S.  male  counterparts, 
either  during  their  years  at  the  USAF  Academy  or  during  the  subsequent  4 
years.  In  fact,  the  opposite  appears  to  be  true;  these  men  on  the  average 
have  lower  levels  of  risk  factors  than  men  of  comparable  age  in  the  general 
population  of  the  United  States. 


METHODS 

Upon  entry  into  the  USAF  Academy  in  1972,  232  young  men  were  randomly 
selected.  Informed  consent  was  obtained  from  all  who  were  continued  in  the 
study,  which  is  described  in  an  earlier  report  (2).  Just  before  graduation, 
131  subjects  were  still  active  in  the  study.  Of  the  other  101  men,  93  were 
lost  from  the  Academy  by  attrition  and  8  declined  to  continue  participation  in 
the  study. 

After  graduation,  the  subjects  were  followed  by  questionnaire  and 
requests  for  serum  samples  that  were  shipped  to  the  USAF  School  of  Aerospace 
Medicine  (USAFSAM)  for  analyses  of  serum  lipids.  The  times  of,  and  the 
responses  to,  those  requests  are  listed  in  Table  1.  The  number  of  subjects 
for  whom  data  were  available  for  the  entire  postgraduation  period  was 
relatively  small.  As  a  consequence,  tests  for  changes  were  limited  to  paired 
comparisons  of  data  from  each  of  the  postgraduation  sampling  periods  to  the 
April  1976  data. 


TABLE  1.  DATA  COLLECTIONS  AFTER  GRADUATION  FROM  THE  USAF  ACADEMY 


Data  set  number 
Date 

Responses 
14,  15  and  16 

14  &  15  only 

15  &  16  only 
14  &  16  only 
Once  only 
Total  number 


14 

Fall  1977 

27  (21%)* 
15  (11%) 

7  (5%) 
19  (15%) 

5rt5?ij 


15 

Fall  1978 

27  (21%)* 
15  (11%) 

6  (5%) 


16 

Fall  1979 
27  (21%)* 

6  (5%) 

7  (5%) 

8  (6%) 


*Percents  are  the  percent  of  the  131  subjects  remaining  in  the  study  at 
graduation. 
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Information  about  weight,  waist  measurements,  exercise,  smoking,  and 
stress  was  collected  by  questionnaires.  A  3-day  record  of  all  food  and  bev¬ 
erages  consumed  was  requested  in  the  fall  of  1979. 

Blood  was  drawn  at  the  subject's  base  clinic,  and  serum  was  prepared  and 
shipped  to  USAFSAM  for  analyses.  A  few  subjects  provided  fresh  serum  during  a 
visit  to  USAFSAM.  Laboratory  methods  have  been  previously  described  (2). 
After  1976,  however,  lack  of  manpower  forced  discontinuation  of  both  lipopro¬ 
tein  electrophoresis  and  separation  of  various  serum  lipid  fractions.  Both 
cholesterol  and  triglyceride  analyses  were  changed  to  use  enzymatic  methods 
carried  out  with  an  automated  apparatus.  The  earlier  methods  and  the 
enzymatic  methods  for  both  lipid  analyses  were  standardized  against  controls 
so  that  the  change  in  methodology  should  not  have  affected  the  measured 
levels. 

Estimates  of  body  composition  were  made  from  height,  weight,  and  waist 
measurements  using  the  formula  of  Wright  and  Wilmore  (15).  It  was  not  fea¬ 
sible  to  use  either  the  body  volumeter  or  the  complex  anthropometric  measure¬ 
ments  (3)  to  measure  body  composition  after  the  subjects  left  the  USAF  Acad¬ 
emy.  The  ponderal  index  (height  in  inches  divided  by  the  cube  root  of  the 
weight  in  pounds)  was  also  computed  for  each  subject. 


RESULTS  AND  DISCUSSION 

Table  2  summarizes  the  data  relevant  to  cardiovascular  disease  risk  fac¬ 
tors  for  those  variables  measured  after  graduation.  For  data  on  other  varia¬ 
bles,  e.g.,  lipoproteins  measured  during  the  Academy  years,  refer  to  the  sum¬ 
mary  of  those  years  (2). 

The  data  in  Table  2  show  numerical  Increases  in  mean  weights  and  in  mean 
%  body  fat  after  April  1976.  Although  the  mean  increases  in  body  weight  are 
small  (1.1  to  1.7  kg),  weight  gains  up  to  11.4  kg  occurred.  The  mean  values 
for  the  group  are  significantly  higher  (P  <  .01)  in  1977,  1978,  and  1979  than 
in  April  1976.  Similarly,  the  Increases  in  mean  X  body  fat  after  April  1976 
are  statistically  significant,  but  the  Increases  are  small.  The  mean  value  in 
fall  1979  was  only  15.2%,  which  Is  a  low  normal  value. 

The  mean  Increase  In  diastolic  blood  pressure  between  April  1976  and  both 
fall  1977  and  fall  1978  was  statistically  significant  (P  <  .01)  but  has  uncer¬ 
tain  biological  importance.  Through  the  USAF  Academy  years,  blood  pressures 
were  measured  almost  entirely  by  one  individual,  whereas  after  April  1976 
these  pressures  were  measured  by  different  individuals  in  various  clinics. 
Between  the  pressures  measured  before  and  after  April  1976,  there  were  numer¬ 
ous  Instances  of  ±  10  to  20  mm  differences  In  diastolic  pressures  within  the 
same  subject.  There  Is  no  way  to  determine  how  much  of  the  changes  between 
April  1976  and  later  years  is  due  to  changes  In  measurement  techniques  and  how 
much  Is  physiological. 

The  mean  of  the  changes  In  serum  cholesterol  levels  during  the  first  year 
after  graduation  was  not  statistically  significant,  but  during  the  two  subse¬ 
quent  years  the  mean  levels  were  significantly  (P  <  .05)  above  the  mean  levels 
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just  before  graduation.  Even  the  highest  average  value,  however,  was  still 
below  the  average  of  196  mg/dl  for  U.S.  males  of  comparable  ages  (10,  11). 

Mean  triglyceride  values  for  1978  and  1979  were  higher  (P  <  .01)  than 
in  1976.  However,  the  mean  levels  were  low  normal  values.  Their  Increase 
above  earlier  levels  probably  reflects  changes  In  eating  habits  after 
graduation  from  the  USAF  Academy. 

Three  and  one-half  years  after  graduation,  the  mean  body  weight  of  the 
responding  group  was  2.3  kg  (5  1b)  above  the  mean  of  all  131  subjects  at 
graduation.  However,  for  the  48  men  who  responded  in  1979,  the  mean  Increase 
over  April  1976  was  only  1.7  kg.  The  data  are  summarized  in  Table  3. 


TABLE  3. 

WEIGHT  CHANGES  AFTER  GRADUATION 

Date  of  collection 

April  1976 

Fall  1977 

Fall  1978 

Fall  1979 

No.  of  subj. 

131 

68 

50 

48 

Mean  Weight 

kg 

75.2 

76.1 

75.6 

77.5 

lb 

165.8 

167.8 

166.7 

170.9 

Changes  from 

April  1976 

Average 

kg 

1.47 

1.10 

1.69 

lb 

3.25 

2.44 

3.73 

Maximum 

kg 

8.84 

8.89 

11.45 

lb 

19.5 

19.6 

25.2 

Minimum 

kg 

-  5.44 

-  7.94 

-  5.67 

lb 

-12.0 

-17.5 

-12.5 

To  evaluate  possible  association  between  changes  in  weight  and  changes 
in  serum  cholesterol  levels,  the  changes  In  each  were  tabulated  for  all 
individuals  for  the  September  1972,  January  1973,  April  1974,  April  1976,  fall 
1977,  fall  1978,  and  fall  1979  data  sets. 

Results  are  summarized  In  Table  4.  All  of  the  correlations  are  quite 
small  in  magnitude,  although  two  are  statistically  significant  (P  .05). 
During  the  first  year  after  graduation,  some  subjects  changed  weight 
appreciably,  and  changes  In  serum  cholesterol  levels  were  significantly 
correlated  with  the  changes  in  weight  during  that  year,  but  not  subsequently. 
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TABLE  4. 

CORRELATIONS 
AND  CHANGES 

BETWEEN  CHANGES  IN 
IN  SERUM  CHOLESTEROL 

Times  compared 

BODY  WEIGHT 
LEVELS 

From  Sep  1972  to 

From 

Apr 

1976  to 

Jan  1973 

Apr  1974  Apr  1976 

Fall  1977 

TaTI 

~W8 

Fall  1979 

Corr.  coef. 

0.128 

0.158 

0.222 

0.334 

0.280 

0.222 

P  value 

0.14 

0.085 

0.014 

0.008 

0.062 

0.143 

No.  of  subj. 
Mean  change 

134 

120 

123 

62 

45 

45 

Cholesterol 

-16.2 

-21.5 

-21.4 

-0.6 

6.7 

7.9 

Weight  (kg) 

1.33 

3.75 

5.14 

1.47 

1.10 

1.69 

Sometime  after  September  1979,  a  total  of  41  subjects  recorded  the  food 
they  ate  during  a  Monday  through  Wednesday  period  chosen  at  the  discretion  of 
each  subject.  The  quantities  and  identities  of  the  food  items  were  tabulated 
for  each  meal  and  converted  into  grams  of  protein,  fat,  or  carbohydrate. 
Associated  caloric  intakes  were  computed.  The  findings  are  summarized  in 
Table  5. 

The  total  caloric  Intakes  averaged  approximately  2300  cal /day.  This 
intake  seems  appropriate  because,  although  most  subjects  are  pilots,  they  are 
not  sedentary.  Most  have  a  regular  exercise  program,  and  some  engage  in 
strenuous  physical  activity  for  more  than  an  hour  daily. 

The  pattern  of  caloric  Intakes  by  meals  is  interesting.  On  the  average, 
approximately  one-fifth  of  the  calories  were  consumed  at  breakfast,  one-fourth 
at  lunch,  slightly  less  than  one-half  at  dinner,  and  one-tenth  as  snacks 
between  meals.  Of  the  41  subjects  3  did  not  eat  snacks.  Other  individuals, 
however,  sometimes  consumed  over  1000  cal,  or  approximately  50%  of  that  day's 
caloric  intake,  as  snacks.  In  some  cases,  high  caloric  snack  intakes  probably 
reflect  the  impact  of  Irregular  flying  hours  on  regular  meals. 

The  Intakes  of  protein,  fat,  and  carbohydrate  were  typical  of  American 
diets.  Protein  Intakes  generously  exceeded  the  recommended  minimum  intake. 
Fat  accounted  for  38%  of  the  caloric  intake,  in  keeping  with  the  eating  habits 
of  most  Americans  (7). 

Cholesterol  Intakes  averaged  near  400  mg/day.  This  figure  is  below  the 
average  U.S.  daily  Intake  of  500  mg/day  or  more  (7),  perhaps  because  some 
subjects  In  the  study  tried  to  limit  their  cholesterol  Intakes  (1).  Other 
subjects,  however,  recorded  cholesterol  Intakes  of  as  high  as  1800  mg/day.  To 
assess  possible  relationships  between  cholesterol  Intake  and  serum  cholesterol 
level,  the  correlation  coefficient  was  computed  and  found  to  be  0.23.  In 
Table  6,  the  extremes  of  the  3-day  average  cholesterol  Intakes  are  listed  with 
the  associated  serum  cholesterol  levels,  and  the  extremes  of  the  serum 
cholesterol  levels  are  listed  with  the  associated  3-day  average  cholesterol 
Intakes.  Inspection  of  these  data  Illustrates  the  weakness  of  the  association 
between  Intakes  of  cholesterol  and  serum  cholesterol  levels.  Of  the  men  with 
the  five  highest  cholesterol  Intakes,  two  had  serum  cholesterol  levels  below 
the  mean,  while  the  five  lowest  Intakes  were  associated  with  serum  levels 
above  the  mean  In  two  men.  Of  the  men  with  the  five  highest  serum  cholesterol 
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TABLE  5.  DATA  FROM  THREE-DAY  DIET  DIARIES  OF  41  SUBJECTS 


TABLE  6.  RELATIONSHIPS  BETWEEN  EXTREMES  OF 

CHOLESTEROL  INTAKES  AND  SERUM  LEVELS 


Extremes  of  intakes 

Extremes  of 

serum  levels 

Intakes 

Serum  levels 

Serum  levels 

Intakes 

mg/day 

_  "IS/dl 

mg/dl 

mg/day 

Five 

highest 

981 

155 

294 

752 

949 

146 

243 

768 

838 

190 

239 

345 

768 

243 

225 

672 

752 

294 

223 

411 

Five  lowest 

185 

157 

119 

239 

191 

212 

131 

398 

194 

197 

144 

273 

194 

163 

146 

949 

215 

176 

148 

319 

levels,  two  had  cholesterol  intakes  less  than  the  mean,  while  the  five  lowest 
serum  levels  were  associated  with  less  than  average  cholesterol  intakes  except 
for  one  high  intake.  Reasons  for  the  lack  of  close  association  between 
cholesterol  intake  and  serum  level  would  include  both  (a)  the  peculiar 
individual  interactions  of  physiological  mechanisms  with  life  styles  and  food 
choices  (13,  14)  and  (b)  the  highly  variable  intakes  of  cholesterol  from  day 
to  day,  which  made  it  difficult  to  get  a  good  estimate  of  an  individual 
intake. 

Throughout  the  study,  smoking  habits  were  recorded  because  cigarette 
smoking  increases  the  risk  of  cardiovascular  disease  (12).  The  subjects  were 
assigned  to  smoking  groups  "heavy"  if  they  smoked  1  or  more  packs/day,  "light" 
if  they  smoked  between  0  and  1  pack/day,  or  "none"  if  they  smoked  0 
packs/day.  The  mean  values  of  several  variables  for  these  smoking  groups  are 
listed  in  Table  7.  The  numerical  differences  between  group  means  were  small, 
and  none  were  statistically  significant.  Nor  did  the  differences  form  a 
consistent  pattern  In  terms  of  estimated  risk  of  cardiovascular  disease.  The 
heavy  group  may  have  had  slightly  higher  cholesterol  levels  for  the  data  sets 
of  April  1976  and  thereafter;  however,  after  graduation,  that  group  did  not 
Include  more  than  9  men  at  any  one  time,  and  the  Individuals  in  the  group 
changed  from  year  to  year.  Under  these  conditions,  moderate  changes  are  not 
likely  to  be  detected.  From  the  standpoint  of  cardiovascular  disease, 
however,  the  small  number  of  smokers  constitutes  a  favorable  characteristic  of 
the  group  as  a  whole. 
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TABLE  7.  MEAN  VALLES  FOR  VARIABLES  BY  SMOKING  GROUPS 


8 Values  are  approximate  because  for  each  sampling  time  there  were  missing  values  for  some  parameters. 

Abbreviations  used:  P.l.  »  ponder  a  I  Index;  syst  B.P.  -  systolic  blood  pressure;  dlast  8.P.  s  diastolic  blood  pressire; 
LOL  *  low-density  lipoproteins;  HDL  *  htgh-denstty  lipoproteins. 


As  stated  earlier,  the  mean  cholesterol  levels  for  the  group  of  men  in 
this  study  were  below  the  average  for  men  of  comparable  age  in  the  United 
States.  This  fact,  plus  the  generally  active,  exercise-oriented  life  style 
and  the  low  percentage  of  smokers  should  make  the  group  generally  a  low-risk 
group,  so  far  as  cardiovascular  disease  is  concerned.  There  was  no  evidence 
that  the  mean  level  of  cholesterol  for  these  USAF  Academy  attendees  rose  in 
the  marked  way  previously  seen  in  the  West  Point  Study.  Possible  reasons  for 
this  have  been  discussed  elsewhere  (6).  However,  a  few  individuals  did  have 
risk  factor  levels  that  suggest  increased  risk  of  cardiovascular  disease  in 
the  future.  For  such  individuals,  modification  of  the  risk  factors  before  the 
disease  process  has  progressed  enough  to  cause  overt  symptoms  becomes  a 
legitimate  goal  for  further  effort. 
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